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Transition between grayscale and monochrome addressing of an electrophoretic display 



FIELD OF THE INVENTION 

The present invention relates to an electrophoretic display, and in particular to 
such a display that provides for transitions between a grayscale drive scheme and a 
monochrome drive scheme. 

TECHNOLOGICAL BACKGROUND 

Electrophoretic displays are known since long, for example from US 3612758. 
The fundamental principle of electrophoretic displays is that the appearance of an 
electrophoretic media encapsulated in tiie display is controllable by means of electrical fields. 
To this end the electrophoretic media typically comprises electiically charged particles 
having a first optical appearance (e.g. black) contained in a fluid such as Hquid or air having 
a second optical ^earance (e g. white) different from the first optical appearance. 
Alternatively the media mi^t be transparent and comprise two different type of particles 
having differaat colors and opposite charge. 

The display typically conqnises a plurality of pixels, each pixel bemg 
separately controllable by means of electiic fields supplied by electi-ode arrangements. The 
particles are thus movable by means of an electric field between visible positions, invisible 
positions, and possibly also mtermediate semi- visible positions. Thereby the appearance of 
the display is controllable. The invisible positions of the particles can for example be in the 
depth of the liquid or behind a black mask. 

A more recent design of an electrophoretic display is described by E Ink 
Corporation m, for example, W099/53373. Electrophoretic medias are known per se firom 
e.g. US 5961804, US 6120839, and US 6130774, and can be obtained from, for example, E 
Ink Corporation. 

Grayscales or intermediate optical states in electrophoretic displaj^ are 
generally provided by flying voltage pulses to tiie electrophoretic media for specified time 
periods, such that the particles are moved to intermediate, semi-visible positions. The 
implementation of grayscales in electrophoretic displays is however connected with a number 
of problems. A fimdamental problem is that it is very difiBcult to accurately control and keep 
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track of the actual positions of the particles in the electrophoretic media, and even minor 
spatial deviations might result in visible grayscale disturbances. 

Typically, only the extreme states are well defined (i.e. the states where all 
particles are attracted to one particular electrode). In case a potential is applied forcing the 
5 particles towards one of the extreme states, all the particles will be collected essentially m 
that particular state if the potential is appUed long enough. However, in intermediate states 
(gray levels) there wfll always be a spatial spread among the particles, and their actual 
positions will depend upon a number of circumstances, which can be controlled only to a 
certain degree. Consecutive addressing of intermediate gray levels is particularly 
10 troublesome. In practice, the actual grayscale is strongly influenced by image history (i.e. the 
preceding image transitions), the waiting time (i.e. the time between consecutive addressing 
signals), ambient temperature and humidity, lateral non-homogeneity of the electix)phoretic 
media etc. 

Furthermore, accurate addressing of an electrophoretic media is obstmctedby 
15 an inertia experienced m the particles. As it turns out, the particles do not respond 
immediately to an electrical field but instead requires a certain activation time when 
addressed, which results in increased image retention. To this end, the non-pre-pubhshed 
patent ^Ucations in accordance to applicants docket referred to as PHNL020441 and 
PHNL030091, which have been filed as European patent applications 02077017.8 and 
20 03100133.2, suggest to minimize the image retention by using preset pulses (also referred to 
as shaking pulses). Preferably, tiie shaking pulse comprises a series of AC-pulses. However, 
the shaking pulse may alternatively conq)rise a single preset pulse only. 

Each shaking pulse (i.e. each preset pulse) has an energy that is sufficient to 
release particles present in one of the extreme positions, but insufficient to move die particles 
25 substantially. The shakmg pulses thereby increase the mobiUiy of the particles such that the 
subsequent drive or reset pulse has an immediate effect. 

According to the co-pending European application 02079203.2 
(=PHI^02L000), the gray level accuracy carLbe fiarther improved usingaraiLstabilised 
approadv-which means_&at.th&gray levels arei always addressed via a well defined reset 
30 gtate^ typically- onaisf-ihe-estEeme.states.(i-e- one of 'the rails). TheJsenefirof -tMsrapproachis 
ihatihs_^i52m£^^2-as3:sts^ '"^'2 less-v/elLdefinsd 
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Theoretically the uncertainties in each gray level therefore depend only upon 
the actual addressing of that particular gray level, since the initial position is weU known. 

However, when using this approach grayscale transitions become visible as 
flicker, since a transition from one gray level to another includes an intemiediate transition 
where the pixel is in one of the extreme slates. This flickering effect can be reduced in case 
the reset state is chosen to be the particular extreme state that is closest to the previous and/or 
subsequent states. 

For example, in a black and white display the reference initial rail slate for a 
grayscale transition is chosen according to the desired gray level. The gray levels between 
white (100% bright) and middle gray (50% bright) are achieved starting from the white 
reference state, and gray levels between frill dark (0% bright) and middle gray (50% bright) 
are achieved starting from the black reference state. The advantage of this method is that an 
accurate grayscale can be addressed with a minimum of flickering and a reduced image 
update time. 

According to the above principle each grayscale transition thus includes a reset 
pulse, which resets the pixel in the respective extreme state, and an addressing pulse, which 
sets the pixel in the desired grayscale state. Theoretically, the duration of a reset pulse need 
not be longer than the time required for the particles to travel from the present state to the 
selected extreme state. However, using such a limited reset pulse does not actually reset the 
pixel completely. In feet, the appearance of the pixel still depends upon the addressing 
history of the pixel to some degree. 

Therefore, the co-pending European application EP 03100133.2 
(PHNL030091) proposes a frjrther improvement by the use of an over-reset voltage pulse, 
extending the duration of the reset pulse. The reset pulse thereby consists of two portions: a 
"standard resef ' portion and an "over-reset" portion. The "standard reset" requires a time 
period that is proportional to tiie distance between the present optical state and tiie extreme 
state. The "over-resef is needed for erasing pixel hnage history and in5>roving the image 
quality. 

Using the reset pulse, the pixels are first brought to a well-defined extreme 
state before the drive pulse changes the optical state of the pixel m accordance with the unage 
to be displayed. This improves the accuracy of the gray levels. The "over-resef' pulse and tiie 
"standard resef pulse togetiier have an energy which is larger than required to bring the pixel 
into the extreme state. Unless expUcitly mentioned, for the sake of sunpKcity, tiie term reset 
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pulse in the foUowing refers to reset pulses without an "over-resef pulse as well as to reset 
pulses including the "over-resef pulse. 

However, when the "over-resef approach is employed the total reset period is 
always longer than the actual grayscale driving pulse (i.e. the pulse that moves the particles 
5 from the selected extreme state to the desired gray level), leading to the build-up of a net 
remnant DC voltage in the pixel. The remnant DC is actually built up and stored to some 
extent in the display media. The remnant DC therefore has to be timely removed or at least 
reduced in order to avoid gray scale drift in the subsequent image updates. In case the reset 
state continuously shifts between the two extreme states, the drift problem is substantially 

10 eliminated since the integral remnant DC voltage is thereby kept close to zero. However, in 
practice, the image sequences are often not random, and dark gray to dark gray or Kght gray 
to light gray transitions may repeatedly occur. The remnaat DC is then integrated with an 
mcreased number of consecutive image transitions via the same extreme state, leading to a 
large grayscale drift towards that particular extreme state in subsequent image transitions. 

15 The probability of having these repetitions is particularly high if the display has a large 

number of gray levels. 

The complete voltage waveform that has to be presented to a pixel during an 

image v^date period is referred to as the drive voltage waveform or simply the drive signal. 

The drive voltage waveform usually differs for different optical transitions of the pixel. The 
20 range of drive waveforms, or drive signals, that are needed for full addressing of the display 

is typically stored in a look-up-table taking the present state and the subsequent state as input 

and specifying a suitable waveform based thereon. 

In order to provide smooth transitions between pixel nnages, short updating 

times are crucial. However, drive waveforms including the above-described shaking and 
25 preset pulses of course extend the updating time. A tiadeoff thus has to made between image 

updating time and accurate image updating. 

SUMMARY OFTHETENVEmTON 

Thus,, wheiL^witching be-fcween_different gray levels 'there is typically a need 
30 for an.:€daboratajcaombination.of shaldngimdjreset pulses Jor/die. purpose of -&.e..pressiit. 
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monochrome display), the drive wave forms can therefore be made simpler and the resulting 
updating times are thus shorter compared to displays that provide for grayscales. 

It is furthennore realized that two different modes of operation can be 
provided - a monochrome updating mode (MU) and a grayscale updating mode (GU) in 
displays that at tunes are used as monochrome displays, e.g. as an electronic book, and at 
other times are used for displaying grayscales (e.g. pictures). For comparison, updating in the 
monochrome mode might require an updating time of about 300 ms whereas updating in a 
four level grayscale mode might reqmre about 900 ms. Thereby the tradeoff between 
grayscale accuracy and updatmg time can be differently tuned in a single display depending 
on whether or not grayscales are actually needed. 

Hence, one aspect of the present invention provides an electrophoretic display 
comprising a drive unit, a drive circuitry, and at least one pixel ceU that is arranged with 
drive electrodes and that contains an electrophoretic media that is responsive to an electric 
field applied between said drive electrodes. The drive unit is arranged to provide said pixel 
cell with a drive signal via said drive circuitry and is switchable between a monochrome 
drive scheme and a grayscale drive scheme. The monochrome drive scheme involves drive 
signals that provides for only two extreme optical pbcel states, and the grayscale drive 
scheme involves drive signals that provides for at least one additional, mtermediate pbcel 
state between said exfa-eme states. In oflier words, the monochrome drive scheme typically 
involves short, low complexity drive signals that provide for only two distinct extreme states 
but that feciKtates rapid updating of the display. The grayscale drive scheme on the other 
hand typically involves extended, high complexity drive signals that provide for additional, 
intermediate color states between said limit color states but that also increases the updating 
times and thus reduces the overall performance of the display. 

The drive unit is furthermore operative to apply a separate transition drive 
signal when switching from said grayscale drive scheme to said monochrome drive scheme, 
whereby said transition drive signal is arranged so as to counteract the build-up of remnant 
DC voltage in the pixel cell. 

One way of interpreting this aspect of the invention is thus that a grayscale 
drive scheme is employed for accurately accessing the extreme states as well as a number of 
(or at least one) gray levels, a monochrome drive scheme is ranployed in case only the 
extreme states are of interest, and tiiat a tiansition signal is employed when switching from 
the gray scale updating mode to the monochrome updating mode. Addressing from one 
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extreme state to the other extreme state is obviously possible by means of either of the drive 
schemes, but is more rapidly provided for by the monochrome drive scheme. 

A display featuring both grayiscale and monochrome updating modes typically 
operates satisfactory in both the grayscale mode and the monochrome mode. However, it is 
5 realized that there might be problems concerning the switching from the grayscale mode to 
the monochiome mode. In particular, the switching typically results in a substantial build up 
of remnant DC voltages lesultmg in incorrect gray levels and image retention effects as 
discussed above. The build-up of remnant DC voltage is particularly problematic when 
frequently switching between the two drive schemes since the remnant DC is then integrated 

1 0 over time. For example, switching from black to white in the monochrome updating mode 
may take 300 ms whereas switching back to black in the grayscale Updating mode might take 
800 ms. Each such cycle thus gives a surplus of 500 ms drive voltage which is integrated in 
the display cell. Therefore, the drive unit according to the invention is operative to apply a 
separate transition drive signal when switching from the grayscale drive scheme to the 

15 monochrome drive scheme. The transition drive signal is selected so as to counteract the 
build-up of remnant DC in the pixel cell, which otherwise occurs when switching from the 
grayscale updating scheme to the monochrome updating scheme. 

The transition drive signal can be implemaited in many different ways. The 
common denominator is that special measures, that are not prescribed by the monochrome 

20 updating scheme as such, ate taken when switching from the grayscale updating mode to the 
monochrome updating mode. One alternative way of interpreting this aspect is that the 
monochrome updating scheme is always initiated by a drive sequence that is not part of the 
scheme during continuous monochrome driving. 

For example, according to one embodiment the transition drive signal drives 

25 the pixel repeatedly between the two eidxeme states so as to remove any remnant DC in the 
pixel cell before the monochrome.drive scheme is initiated. Thereby any remnantdrive 
history residing in the cell is effectively removed. However, straightforward implementation 
of this embodiment might resultinjyisihle image disturbances since die display is actually 
driveaxbietween the two extzeme states causingia visible, flicker in the display. 

30 It is ftnihera:eali:^djhatJheJEmnantDC appearing in a piiiel cell when 

gvT^hiagAHriAorgiSgS'Xile. updsaiag m^gdato .'iiheLm PBOchr.-K Lic irp drrrin.grTiTo aeiG most 
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mode). This is due to the fact that the grayscale mode generally builds up a higher remnant 
voltage in the cell, which is acceptable during grayscale mode operation since the subsequent 
drive signal then typically adds on a correspondingly high remnant voltage with opposite 
polarity whereby the integral remnant DC is kept at an acceptable level. Therefore, according 
to one embodiment, the transition drive signal involves a drive signal corresponding to a 
signal in the grayscale drive scheme. In effect, this means that the grayscale updating mode is 
deliberately continued for one additional addressing cycle after having initiated the 
monochrome updating mode. 

Still one alternative way of reducing the integral reinnant voltage when 
switching from the grayscale updating mode to the monochrome updating mode is to employ 
an additional voltage pulse whose sole purpose is to reduce the integral remnant voltage. 
Thus, according to one embodiment the transition drive signal involves a short, low 
complexity drive signal corresponding to a signal in the monochrome drive scheme but 
modified with an additional remnant DC reducing voltage pulse. 

According to one embodiment, the additional, remnant DC reducing voltage 
pulse is employed before said short, low conrplexity drive signal. 

The electrophoretic disfplay typically comprises a number of pfacel cells which 
mi^t be arranged in a matrix configuration as described above. The pixels are then 
preferably addressed in a consecutive manner. Such addressing can be performed according 
to an active addressing mode einploying for example a thin film transistor (TFT) 
arrangement, or it can be performed according to a passive addressing scheme. Regardless of 
the scheme chosen, the addressing time for each pixel is typically restricted to a predefined 
time-span. According to some schemes, parts of the drive pulse for each pixel is actually 
common for all pixels. For example, in case shake pulses axe employed these might be 
applied to all pixels at the same time. This ckcumstance facilitates more rapid updating but 
also makes it difficult to use different updating schemes for different pixels, and thus 
necessitates the use of standardized waveforms. Under these conditions, the present invention 
is particularly useful, since the grayscale drive scheme can be used in case any gray levels are 
requested for any one pixel whereas the more rapid monochrome drive scheme is employed 
in case only the extreme states are requested for all the pixels. This thus results in very rapid 
updating of monochrome images as well as in highly accurate updating of images involving 
grayscales. According to one embodiment, the display thus comprises a number of pixel cells 
that are addressable in image frames, and the grayscale drive scheme is employed for image 
frames that include at least one intermediate pixel state and the monochrome drive scheme is 
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employed for image frames that include extreme states only. For some applications, it is 
advantageous to divide the display area into sub-frames, each sub-frame displaying a 
different type of information. For example, a square portion of the display area might show a 
picture whereas the rest of the display shows a black and white text. Alternatively, the 
5 display might be used as user-interface for a multiple-window computer program whereby 
the display is naturally divided in a number of sub-windows. In case monochrome 
information is displayed in one sub-window and information requiring grayscales is 
displayed in another sub-window, different drive schemes might of course be applied to the 
various sub-windows, 

10 The drive signals migjhit be derived in a computer unit, taking a more or less 

extensive drive history in consideration when deriving a suitable drive signal for a given 
situation. In case the present invention is applied to such a display the computer unit might 
have two different algorithms, one for the monochrome drive scheme and one for the 
grayscale drive scheme. However, this is a quite complicated solution resulting ia expensive 

15 devices. According to one embodiment the drive schemes are therefore defined id a look-up- 
table. To this end the display fiorther comprises a memory unit in which pre-defined drive 
signals corresponding to the respective drive schemes are stored accessible by the drive unit. 
Actually, the advantages of the present invention are even more evident using look-up-tables, 
since the selected drive scheme comprises binary information well suited for such tables. 

20 According to one embodiment, the memory unit is arranged with two look-up-table, one for 
each drive scheme. Alternatively the two drive schemes might be included in one single look- 
up-table. 



electrophoretic display. The. method according to the present invention comprises the steps 



Another aspect of the present invention provides a method for driving an 



25 



of: 



receiving image information regarding an. image to be displayed; 



selecting a drive scheme from a monochrome updating drive scheme_and.a grayscale, 
updating drive schemCj, depending on 'i3ie_eidstence of grayscales in.the_image.:to be 



displaced;. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described with reference to the 
acconipanying, non-restictive but examplifying drawings on which: 
5 Figure 1 is a schematic top view of an electrophoretic display unit; 

Figure 2 is a schematic cross section of the display unit of Figure 1; 

Figure 3 illustrates typical drive signal waveforms for a grayscale drive 

scheme. 

Figure 4 illustrates typical drive signal waveforms for a monochrome drive 

10 scheme- 
Figure 5 illustrates a drive scheme implementing the present invention. 
Figure 6 illustrates a drive sequence employing a transition signal when 
switching from the grayscale updating mode to the monochrome updating mode. 

Figure 7 illustrates a drive waveform including an transition signal in the form 

15 of a single remnant DC reducing voltage pulse. 

DETAILED DESCRIPTION OF THE INVENTION 

First, the fundamental principles of electrophoretic displays will be further 
described with reference to Figures 1 and 2. Thus, Figures 1 and 2 show a top view and a 

20 cross section, respectively, of an electrophoretic display panel 101 comprising a backside 
substrate 108, a front side substrate 109, and a plurality of pixels 102. The pixels 102 are 
arranged along substantially straight lines in a two-dimensional configuration. However, 
other arrangements of the pixels are of course possible. The device further comprises a drive 
means 1 10 for driving the display. 

25 The back and front side substrates 108, 109 are arranged parallel to each other 

and encapsulate an electrophoretic media 105. The substrates can for example be glass plates, 
and it is important for at least the front side substrate 109 to be transparent in order to display 
a visible image. Each pixel is defined by the overlapping areas of line electrodes and row 
electrodes 103, 104 arranged along respective substrates. For example, the line electrodes 

30 104 might be arranged on the front side substrate 109 and the row electrodes 103 are in such 
case arranged along the backside substrate 109. Alternative arrangements using individual 
thin film transistors (TFT's) providing for active addressing of the display is obviously 
feasible as well. The electrodes are preferably formed out of ITO (Indium Thn Oxide), but 
other electrode materials are also possible. In the configuration shown in Figures 1 and 2, it is 
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however important for the electrodes arranged on the front side substrate to be transparent, 
not to interfere with the displayed image of the pixel. 

The electrophoretic medium 105 provides each pixel 102 with an appearance, 
being one of a first and a second extreme appearances (states) and intermediate appearances 
5 (states) between the first and the second appearances. Depending on the color composition of 
the electrophoretic medium, the first extreme appearance might for example be black and the 
second appearance might be white. In such case the intermediate appearances are various 
degrees on a grayscale. However, the extreme ^pearances might altematively be different, 
preferably opposing colors (e.g. blue and yellow, the intermediate appearance then being 

1 0 various different colors). For the purpose of the present invention, and for the sake of 
simplicity, such intermediate colors are also referred to as grayscales. 

Figure 3 illustrates a typical drive signal in a grayscale updating mode (GU). 
The drive signal comprises an initital shake signal 301, an over reset signal 302 putting the 
pixel an extreme slate (e.g. black), an additional shake signal 303, and finally a drive signal 

15 304 putting the pixel in a desired dark gray state 304. For comparison. Figure 4 illustrates a 
typical drive signal in a monochrome updating mode (MU). This drive signal consists of only 
one shake signal 401 and one drive signal 402, changing the pixel ftom a first extreme state 
(e.g. white) to the opposite extreme state (e.g. black). Obviously, the drive signal used in the 
monochrome updating mode is cosiderably shorter in time and has a lower coniplexity . 

20 An example algorithm for the present invention, that can be employed in the 

drive unit 1 10 of the electrophoretic display 101, is schematically shown in Figure 5. A 
monochrome updating scheme (MU) 501 is loaded when only monochrome data are updated, 
which occurs often in a black and white book or in a sub-window. The benefit is thus that the 
total image update time of the monochrome scheme 501 is usually about half of that used in a 

25 grayscale updating scheme. However, in case grayscales are to be included ia the image, the 
grayscale ij^datingmode 502 m used instead. Thus, when the image has been updated and the 
subsequent image information i.^ received, the subsequent image information m checked for 
'theeidstance of any grayscales 505. liLcase grayscales eidsts,.-the grayscale updating mode 
502_is initiated, This-driveTiiade is usedas.long as there areLgrag?Bcalea-^occuring: in the, 

30 desired images. 

Hw/ever, 'te •fnfTfg^ iriATiA g'hrnm.^ ijpd's.ting Tn-T^ds 501 cain~b.e' iTSTti^'ti"e±agajn 
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Figure 6 mustrates a drive signal sequence appKed when switching from a 
grayscale updating mode to a monochrome updating mode. Thus, a GU-based drive signal 
601 is first employed, followed by the transition drive signal 602 that is initiated once the 
transition to the monochrome updating mode is desured. The transition drive signal 602 can 
have many different designs, and serves to reduce any remanant DC voltages in the pixel. 
The particular transition drive signal 602 that is iUustrated in Figure 6 is constituted by 
consecutive driving of the pixel between the two extreme states before flying the 
monochrome drive signal 603 that finally puts the pixel in its desired state (one of the 
extreme states). 

In the following, a number of envisaged embodiments for the transition drive 
signal will be described. 

Rmhoditn ent 1 : GU to MU transition via an Initialise Mode 

A first method to enable the GU to MU transition is to ensure that the display 
is mitialised before the MU unage is written. Initialisation essentially removes all prior 
history in the display, for example by repeatedly switching the entire display between the two 
extreme states. This embodiment is actually described above with reference to Figure 6 and 
transition drive signal 602. 

Whilst this approach will remove the problems of image retention, it will not 
solve the remnant DC problemdescribed above. In order to reduce this problem, it is 
preferred to begin the initialisation sequence in such a way that the DC component is similar 
in both MU and GU mode. Such methods will be described m the following embodiments. 

Rmhnditn ent 2: Transition with first MU image written with GU waveform 

A second method to enable the GU to MU transition is to write the first 
monochrome image of the MU series using the GU waveform. This has the advantage that all 
gray pixels are made either black or white according to the well defined GU waveforms, and 
therefore no additional artefects will be introduced. Of course, the image update time will be 
longer than in MU mode (but shorter lhan in GU as there will be no transitions from e.g. 
white to dark grey or black to light grey - these are generally Ihe longest waveforms). 

Once all pixels are in the black or white state, image update can proceed 
according to the shorter MU waveforms. 
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This embodiment is thus recognized in that swithing from the grayscale 
updating mode to the monochrome updating mode is always accompanied by the use of the 
grayscale drive signal that puts the pixel into either of its extreme states. 

This approach will remove the problems of image retention and will reduce 
5 the DC balancing problem described above, as now at least the first image update is carried 
out in the GU mode, 

F;tnhnHimetit ^; Transition w ith addition of a DC voltage pulse to the first MU waveform 

A third method to enable the GU to MU transition is to incorporate additional 
10 voltage pulses to the MU waveforms of the first monochrome image of the MU series in 
order to remove the DC voltage induced in the final image of the GU sequence. 

This can be achieved for example for the waveform shown in Figure 7, where 
a transition from a dark grey pixel (from the last GU waveform) to a white pixel (in the first 
MU wavefomi) is rendered. In this embodiment, for a 4 grey level display, 16 additional 
15 waveforms could be stored in a separate look-up-table (for example called MU') to facilitate 
this transition. 

Now, the voltage used to write ia the dark grey pixel in the GU image is 
removed by the short voltage pulse prior to the normal MU waveform. This approach will 
remove the problems of image retention and will reduce the DC balancmg problem described 
20 above using a drive waveform which is shorter than in embodiment 2. 

In still a fiirfher embodiment, the additional voltage pulse could be applied as 
a separate, short drive waveform, situated prior to the application of the standard MU 
waveform. Whilst the operation will be identical to that described above (and in figure 7), it 
25 will now no longer be necessary to store the additional 1 6 waveforms: only a small number 

of short pulses need to be stored (a majdmum of 8, as only 8 possible transitions_slBrt firom 
either light or daxlcgre^states). This saves onmemorj^ for storing^the waveforms. 

It shouldbe realised that Aeabove- desGription_only serves to exemplify the. 
presentinv^ation. It i^-readily appreciatedteLa vaetnumbsr-'of alternative configurations:are 
30 possible, based oitihaj^sme. prindplas_andgiving:mrrdlar advantages. For eirampte. 'the 
inT/'rnt^^'Tg rrr?Ti h a irnp -temgnt3d'in_pa3siwm5i^^ sadiminanfeBlac'irop 
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where, for example, a typewriter mode exists. The electrode structure is not limited to any 
particular design. Rather, the present invention is applicable to displays having any electrode 
configuration presently avaiable, or developed in the &ture, where different grayscale drive 
schemes and monochrome drive schemes are employed. Examples of electrode structures 
5 includes top/bottom electrode structures, a honeycomb structures, electrode structures for in- 
plane-switching and electrode structures for vertical switdhmg of flie electrophoretic media. 

In essence, the present inventions relates to electrophoretic displays that are 
switchable between a grayscale updating mode 502 and amonochrome updating mode 501. 
The monochrome iq)dating mode 501 provides for extreme pixel states only (e.g. black and 

10 white), whereas flie grayscale updating mode 501 provides for intermediate grayscale pixels 
states as well. According to the present invention, a suitably selected transition signal 504 is 
applied when switching from the grayscale updating mode 502 to the monochrome updating 
mode 501. The transition signal 504 involves a drive pulse that serves to reduce the level of 
remnant DC voltage otherwise occurring in each pixel due to differences m the grayscale 

1 5 updating mode 502 and the monochrome updating mode 50 1 . 
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CLAIMS: 



1- An electrophoretic display (101) comprising a drive unit (110), a drive 

circuitry, and at least one pixel cell (102) that is arranged with drive electrodes (103, 104) 
and that contains an electrophoretic media (105) that is responsive to an electric field applied 
between said drive electrodes (103, 104); wherein said drive unit (1 10) is arranged to provide 
said pixel cell (102) with a drive signal via said drive circuitry and is switchable between a 
monochrome drive scheme (501) and a grayscale drive scheme (502), said monochrome 
drive scheme (501) involving drive signals providing for only two extreme optical pixel 
states, and said grayscale drive scheme (502) involving drive signals providing for at least 
one additional, intermediate pixel state between said extreme states, and wherein said drive 
unit (1 10) furthermore is operative to apply a separate transition drive signal (504) when 
switching fiiom said grayscale drive scheme (502) to said monochrome drive scheme (501), 
whereby said transition drive signal is arranged such that is counteracts the build-up of 
remnant DC voltage in the pixel cell. 

2- An electrophoretic display (101) according to claim 1 and comprising a 
number of pixel cells (102) that are addressable in image j&ames, wherein the grayscale drive 
scheme (502) is employed for image frames that include at least one intermediate pixel state 
and the monochrome drive scheme (501) is employed for image frames that include extreme 
states only. 

3- An electrophoretic display (101) according to claim 1, further comprising a 
memory unit wherein pre-defined drive signals corresponding to the respective drive schemes 
are stored accessible by the drive unit (110). 

4- An electrophoretic display (101) according to claim 1, wherein said transition 
drive signal (504) drives tiie pixel cell (102) repeatedly between tiie two limit color states 
(602) so as to remove any remnant DC voltage in the pixel ceU before the monochrome drive 
scheme is initiated. 
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5. An electrophoretic display (101) according to claim 1, wherein said transition 

drive signal (504) involves a drive signal corresponding to a signal in the grayscale drive 
scheme (502). 

5 6. An electrophoretic display (101) according to claim 1, wherein the transition 

drive signal (504) is selected from a transition drive scheme that comprises more than one 
alternative transition drive signals. 

7. An electrophoretic display (101) according to claim 1, wherein the transition 
10 drive signal (504) is applied when switching to said monochrome drive scheme (501) only 

when switching from a subset of the pixel states provided for by said grayscale drive scheme 
(502). 

8. An electrophoretic display (101) according to claim 7, wherein said subset of 
15 pixel states excludes said extreme pixel states. 

9. An electrophoretic display (101) according to claim 1, wherein said transition 
drive signal (504) involves a drive signal corresponding to a signal in the monochrome drive 
scheme (501) but modified with an additional remnant DC voltage reducmg voltage pulse. 

20 

10. An electrophoretic display (101) according to claim 9, wherein said additional 
remnant DC voltage reducing voltage pulse is employed before said monochrome drive 
scheme (501) drive signal. 

25 1 1 . A method for driving an electrophoretic display, said method comprising the 

steps of: 

- receiving image information regarding anJmage to be displayed; 

- selecting (503, 505) a drive scheme from a monochrom6_updating drive schema and. a 
grayscalaaipdating: drive -scheme^depending„on..the ^astence of grayscales, in the 

30 . image"to be displajsed;^ 

- etLgsl^yiTig ^ ^r^rmfwi p^fynriH ^50 4) inj^ss e -it h^ drii^ c;-£* ihems-i £ :. ch^ng^ d - ir omJhe 
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- emplojdng a drive signal that is based on the selected drive scheme and that 
corresponds to said image to be displayed. 
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ABSTRACT: 



The present inventians relates to electrophoretic displays that are switchahle 
between a grayscale updating mode (502) and a monochrome updating mode (501). The 
monochrome updating mode (501) provides for extreme pixel states only (e.g. black and 
white), whereas the grayscale updating mode (501) provides for intermediate grayscale pixels 
states as well. According to the present invention, a suitably selected transition signal (504) is 
applied when switching from tiie grayscale updating mode (502) to the monochrome 
updating mode (501). The ti:ansition signal (504) involves a drive pulse that serves to reduce 
tiie level of remnant DC voltage otherwise occurring in each pixel due to differences in the 
grayscale updating mode (502) and the monochrome updating mode (501). 
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